the Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) Study Group Background-Health status is a key outcome for comparing treatments, particularly when mortality does not differ significantly. Methods and Results-Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) randomized 2368 patients with type 2 diabetes mellitus and stable ischemic heart disease to (1) prompt revascularization versus medical therapy and (2) insulin sensitization versus insulin provision. Randomization was stratified by the intended method of revascularization, coronary artery bypass graft surgery or percutaneous coronary intervention. The Duke Activity Status Index and RAND Energy, Health Distress, and Self-Rated Health scales were assessed at study entry and annually thereafter; linear mixed models were used to evaluate the effect of randomized treatment on these measures. Health status improved significantly from baseline to 1 year (PϽ0.001) in each randomized treatment group. Compared with medical therapy, prompt revascularization was associated with significantly greater improvements in Duke Activity Status Index (1.32 points; PϽ0.001), Energy (1.36 points; Pϭ0.02), and Self-rated Health (1.77 points; Pϭ0.007) but not Health Distress (Ϫ0.47; Pϭ0.46). These treatment effects were largely maintained over 4 years of follow-up. The effect of revascularization on the Duke Activity Status Index was significantly larger in the subgroup of patients intended for coronary artery bypass graft surgery compared with the subgroup intended for percutaneous coronary intervention. Health status did not differ significantly on any of the 4 measures between the insulin provision and insulin sensitization strategies. Conclusions-Prompt coronary revascularization was associated with small yet statistically significant improvements in health status compared with initial medical therapy among patients with diabetes mellitus and stable ischemic heart disease. Clinical Trial Registration-http://www.clinicaltrials.gov. Unique identifier: NCT00006305. (Circulation. 2010;122:1690-1699.)
T reatment of patients with the combination of ischemic heart disease and type 2 diabetes mellitus is undertaken to increase the length and the quality of the patient's life. In prior trials of patients with stable symptoms and mild to moderate coronary disease, revascularization had little impact on the long-term risk of mortality or myocardial infarction but significantly mitigated angina symptoms and improved health status. 1, 2 It is not known whether the health status benefits seen with revascularization are shared by patients with type 2 diabetes mellitus and coronary artery disease. Moreover, there has been no large-scale randomized comparison of health status outcomes by diabetes mellitus treatment strategies aimed at insulin sensitization versus insulin provision.
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The Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) clinical trial evaluated strategies to treat cardiac ischemia and control hyperglycemia among patients with type 2 diabetes mellitus and stable ischemic heart disease. As reported previously, 3 mortality and major cardiovascular events were similar over 5 years for patients randomly assigned to insulin sensitization versus insulin provision and were also similar for those assigned to a strategy of prompt revascularization with intensive medical therapy versus intensive medical therapy alone. Among patients intended for coronary artery bypass grafting (CABG), prompt revascularization was associated with significantly lower rates of major cardiovascular events compared with intensive medical therapy, largely because of a reduction in the rate of documented myocardial infarction. 3 In addition to comparing the effect of the randomized treatments on total mortality and major cardiovascular events, the BARI 2D trial was designed to assess the effect of treatment strategies on health status. This article presents the health status outcomes by the assigned treatment strategies.
Methods
The design, patient characteristics, and primary results of the BARI 2D clinical trial have been described in detail. [3] [4] [5] [6] [7] [8] [9] In brief, 2368 patients with type 2 diabetes mellitus and angiographically documented stable ischemic heart disease were enrolled from 49 clinical sites in 6 countries. Patients had at least 1 coronary lesion with Ն50% stenosis appropriate for elective revascularization and were excluded if they required immediate coronary revascularization or had left main disease, coronary revascularization within the previous 12 months, HbA 1c level Ͼ13.0%, or serum creatinine Ͼ2.0 mg/dL. In a 2-by-2 factorial design, patients were randomly assigned to (1) a glycemic control strategy consisting of either insulin sensitization or insulin provision to achieve a target HbA 1c Ͻ7.0% and (2) a myocardial ischemia management strategy consisting of either prompt coronary revascularization with intensive medical therapy or intensive medical therapy with revascularization used only to control progressive or unstable symptoms. Before randomization, the enrolling cardiologist determined whether CABG or percutaneous coronary intervention (PCI) was more suitable on the basis of the patient's coronary anatomy and clinical profile, and the randomization was stratified by the intended method of revascularization (CABG or PCI). 4 The insulin-sensitization strategy involved use of metformin, a thiazolidinedione, or both, whereas the insulinprovision strategy relied on sulfonylurea, insulin, or both. 6 By protocol, all BARI 2D patients received intensive medical therapy to treat cardiac risk factors including hypertension, dyslipidemia, obesity, and smoking. 7 Clinic visits occurred on a monthly basis for the first 6 months and quarterly thereafter. BARI 2D was approved by the internal review board at the coordinating center and each clinical site, and all participants gave informed consent.
Randomized patients completed self-administered questionnaires to evaluate health status at study entry and at annual intervals during follow-up. The primary health status domains were the Duke Activity Status Index (DASI) 10 and the modified RAND instruments Energy/Fatigue, Health Distress, and Self-Rated Health. 11, 12 DASI is a 12-item index (0 [worst] to 58.2 [best] ) that assesses the activities that one can do without difficulty such as walking a block or two on level ground or doing light housework. 10 DASI has been correlated with peak oxygen intake 10 and has been used to assess physical function in numerous cardiovascular clinical studies. 13, 14 Energy is a 5-item scale (0 [worst] to 100 [best]) that measures the degree that a person has energy and feels full of pep or alternatively feels tired and worn out, and Health Distress (0 [best] to 100 [worst]) is a 4-item scale that assesses the amount of time one feels discouraged, frustrated, or worried by his or her health status. These scales, derived from the RAND Medical Outcomes Study, have been validated and applied in clinical studies that evaluated medical interventions. 11, 12 Self-Rated Health (0 [worst] to 100 [best]) is based on a single-item Likert scale, as follows: "In general, would you say your health is: excellent, very good, good, fair, poor?" 11, 12 The smallest possible change for an individual patient is 1.75 points for DASI, 5.0 for Energy, 6.25 for Health Distress, and 25 for Self-Rated Health; between-group differences of 3 points for DASI and 5 points for Energy, Health Distress, and Self-Rated Health have been considered minimal "clinically meaningful" differences. 14, 15 In 2005, the Center for Epidemiological Studies Depression (CES-D) Scale, a screening measure that captures the number and severity of depressive symptoms, was added to the annual follow-up questionnaire. 16 This analysis includes patients with at least 1 follow-up health status measure. Because patients with follow-up data at years 5 and 6 were predominantly from the few clinical sites that started enrolling patients early, follow-up information after year 4 was truncated to minimize patient selection bias. 
Statistical Methods
All analyses of treatment were based on the intention-to-treat principle. Baseline patient characteristics were compared by treatment assignment with the use of t tests and 2 tests. Trends in longitudinal health status measures were displayed by plotting the mean values. To measure improvement from study entry, longitudinal baseline and follow-up health status scores were analyzed with linear mixed models; follow-up time was coded as a categorical variable, and the parameter associated with each follow-up time point was compared with the baseline parameter. The proportions of patients whose scores changed by defined levels were compared with Mantel-Haenszel 2 statistics.
Longitudinal linear mixed models with restricted maximum likelihood were used to compare the follow-up health status scores by treatment assignment with adjustment for follow-up year and the corresponding baseline health status measure. Generalized estimating equations were used to model the odds of improvement (defined as any positive change coded as a binary variable). The effect of treatment assignment on a single CES-D measure per patient was evaluated by linear regression. Because the distribution of angina severity at baseline was not balanced by cardiac treatment groups, all models evaluating cardiac treatment were adjusted by baseline angina severity. The interactions between cardiac and glycemic randomized treatments and between randomized treatment and follow-up time were tested in each model and dropped if not statistically significant. Correlation within clinical sites was handled by including random site effects in mixed models and by incorporating a categorical country variable in generalized estimating equations models.
The effect of randomized treatment was similarly assessed in subgroups defined by baseline characteristics. For cardiac treatment comparison, the prespecified subgroups of interest were intended method of revascularization (CABG or PCI) and baseline angina severity (physician-assessed Canadian Cardiovascular Society classification). For glycemic treatment comparison, the prespecified subgroups of interest were insulin use at baseline and duration of diabetes mellitus.
Multivariable mixed models were constructed to model follow-up health status and assess independent effects of the 2 randomization assignments, the stratum of intended revascularization, and preselected baseline characteristics. We tested interactions between ran- domized cardiac treatment and strata of intended revascularization or baseline angina, between randomized diabetes mellitus treatment and baseline insulin use or duration of diabetes mellitus, and between randomized treatment, strata, and time. An exploratory analysis was performed to investigate whether angina severity mediated the treatment effect on health status by adding follow-up angina status to the longitudinal mixed models. Missing baseline data were imputed by the mean value in the designated intended revascularization stratum. Because mixed effects models account for "missing at random" data, missing outcomes were not imputed for the primary analyses. To control for potential "missing not at random" data, we applied pattern mixture model methods described by Hedeker and Gibbons 17 by incorporating a categorical variable indicating 3 missing data patterns: completers (no missing data), noncompliance (sporadic missing data), and dropouts (death, study withdrawal, or termination of health status information). In sensitivity analyses, multiple imputation was used to impute nonexistent outcome values for every randomized BARI 2D patient.
Because there were 5 outcome variables in this analysis, ␣ϭ0.01 (ϭ0.05/5) was considered statistically significant. All analyses were performed with the use of SAS 9.0.
Results
Of the 2368 patients enrolled in BARI 2D, 69 died during the first year, and 2163 (94.1%) of the remaining patients completed 1 or more follow-up health status assessments. The (Table 1) .
Overall, there was significant improvement in mean health status scores after study entry ( 
Revascularization Strategies
Patients randomized to prompt revascularization had greater improvements in average physical function, Energy, and Self-Rated Health than patients randomized to medical therapy ( Figure 1 and Table III in the online-only Data Supplement), and the 2 groups had similar reductions in Health Distress (Pϭ0.49). The magnitude of the treatment difference did not vary significantly over the follow-up time period for any of the health status outcome measures. During the 4-year follow-up, DASI scores were 1.32 points higher (Pϭ0.001) among patients assigned to prompt revascularization compared with patients assigned to medical therapy; Energy was 1.36 points higher (Pϭ0.02), and Self-Rated Health was 1.77 points higher (Pϭ0.007). Each health status score improved after study entry for approximately half of the patients (Table  3) , and patients assigned to prompt revascularization were significantly more likely to respond relative to DASI (odds ratioϭ1.21; Pϭ0.006) and Energy (odds ratioϭ1.21; Pϭ0.005) but not Self-Rated Health or Health Distress. Patients assigned to prompt revascularization had mean CES-D scores similar to those of patients assigned to medical therapy (13.0 versus 12.6; Pϭ0.40; Table III in the onlineonly Data Supplement).
Glycemic Control Strategies
Health status during follow-up did not differ significantly by the randomized diabetes mellitus treatment strategy in any of the 4 health status domains ( Figure 2 ). Mean CES-D also did not differ between patients assigned to insulin sensitization or insulin provision (Pϭ0.90; Table III in the online-only Data Supplement).
Subgroups
The randomized treatment comparisons in specified patient subgroups are shown in Figures 3 and 4 . The effect of revascularization on DASI was significantly modified by the method of intended revascularization (interaction Pϭ0.003).
Within the stratum of patients identified for CABG, those randomized to prompt revascularization had significantly greater improvement in DASI scores compared with patients assigned to medical therapy (2.73 point difference; PϽ0.001). By contrast, within the stratum of patients identified for PCI, those randomized to prompt revascularization had an improvement in DASI that was similar to patients randomized to medical therapy (0.53 point difference; Pϭ0.28). The magnitude of the randomized treatment effect did not vary significantly over the 4-year follow-up period in either stratum. The interaction between treatment assignment and stratum of intended revascularization was not significant for the other 3 health status outcomes (Figure 3 ). Mean health status stratified by intended method of revascularization is presented in Figure I in the online-only Data Supplement. The 1-time depression score, CES-D, did not differ by the cardiac randomization in either the CABG (Pϭ0.94) or PCI stratum (Pϭ0.26). Patients with more severe angina at baseline experienced greater improvements in Energy after randomization to prompt revascularization (2.98 points higher with prompt revascularization among patients with class III/IV or unstable angina, 1.67 points with class I/II angina, and 0.58 points with no angina), but the interaction between angina severity and treatment was not statistically significant for Energy or for the other health status outcomes (Figure 3 ). There was no significant interaction of baseline insulin use or duration of diabetes mellitus with the randomized glycemic treatment strategy (Figure 4 ). 
Multivariable Analysis
In multivariable analysis, prompt revascularization was independently associated with higher Self-Rated Health (1.68 points; Pϭ0.0084) and marginally associated with higher Energy (1.17 points; Pϭ0.043), and this effect did not depend on intended method of revascularization (Table 4 ). For DASI, the effect of prompt revascularization differed according to the stratum of intended revascularization (interaction Pϭ0.01) such that prompt revascularization with CABG was beneficial for physical function compared with initial medical therapy (2.63 points; PϽ0.001), whereas revascularization with PCI was not significantly different from initial medical therapy (0.57 points; Pϭ0. 22) .
In multivariate-adjusted models, none of the health status measures differed by the randomly assigned diabetes mellitus treatment strategy. There was no evidence of interaction between the assigned cardiac and glycemic treatment strategies (Pϭ0.62, DASI; Pϭ0.41, Energy; Pϭ0.44, Health Distress; Pϭ0.74, Self-Rated Health).
The interactions between randomized treatment and time were not significant, indicating that the estimated treatment differences apply to all 4 years. However, there were significant interactions between the intended method of revascularization strata and time (PϽ0.001, DASI; Pϭ0.009, Health Distress) such that health status benefits were better main-tained in the CABG stratum than the PCI stratum for both the prompt revascularization and the medical therapy groups.
Male sex was independently associated with greater improvement in health status. Other baseline risk factors including older age, angina severity, insulin use, duration of diabetes mellitus, body mass index, smoking, history of heart failure, and clinical evidence of neuropathy were independently associated with worse health status.
With adjustment for follow-up angina symptoms, the relationships between prompt revascularization and health status were modestly attenuated but did not disappear ( 
Discussion
All patients in the BARI 2D randomized trial received intensive treatment for both diabetes mellitus and coronary disease, and, on average, this patient cohort experienced a clinically meaningful and statistically significant improvement in health status after study enrollment. Compared with a strategy of intensive medical therapy, the strategy of prompt coronary revascularization with intensive medical therapy was associated with small or modest benefits in physical function, Energy, and Self-Rated Health over the 4 years of follow-up, and the revascularization benefit for physical function was significant among patients selected for CABG but not among those selected for PCI. Approximately half of the trial population had better health status scores during follow-up than at baseline, and prompt revascularization was associated with a greater likelihood of improvement for physical function and Energy compared with initial medical therapy. By contrast, none of the health status measures differed between patients assigned to a glycemic control strategy on the basis of insulin sensitization or insulin provision. The degree and severity of depressive symptoms were not affected by the cardiac or diabetes mellitus randomized treatment strategies.
Consistent with other studies, 1,2,13,14,18 BARI 2D demonstrates that the invasive approach conferred small, yet significant, benefits in physical function and perceived health status. In the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) trial, patients randomized to PCI with optimal medical therapy had slightly better health status outcomes over the first 3 years compared with those randomized to optimal medical therapy alone. 1 PCI with stenting was also shown to have small short-term advantages over medical therapy for physical function in the acute myocardial infarction setting. 11 The original BARI study established that CABG resulted in higher DASI scores than balloon angioplasty for the first 3 years but not thereafter. 14 In BARI 2D, the differences between the randomized treatment groups were largely maintained over 4 years of follow-up. However, these statistically significant treatment differences did not reach the predefined thresholds of clinical significance. It is important to recognize that the medical treatment strategy included the use of revascularization when clinically indicated, and 19% of patients assigned to medical therapy received revascularization by 1 year and 38% by 4 years. 3 In both treatment groups, the initial gains for DASI diminished over subsequent years. It is likely that the attenuation of physical function is due to the progressive nature of coronary atherosclerosis and to subsequent disease in vein grafts as well as restenosis after angioplasty or stents.
Previous clinical trials comparing revascularization and medical therapy reported that the observed improvement in health status may be attributed in part to the ability of revascularization to relieve angina. 1, 2, 18 We assessed angina as a potential moderator and mediator. The impact of revascularization on health status was partially but not completely mediated through improvement in angina status. The severity of angina at study entry did not significantly modify the treatment effects, but most patients in this study had mild symptoms. In patients with both stable ischemic heart disease and type 2 diabetes mellitus, health status is influenced by the perceived burden of cardiac disease as well as diabetes mellitus (eg, insulin use, neuropathy), and, as a result, the influence of angina on health status may be weaker than that observed in cardiac patient populations.
In the BARI 2D trial, the method of revascularization, CABG or PCI, was selected before the patient was randomized. The effect of prompt revascularization on DASI was greater among those identified a priori as more suitable for CABG than among those identified for PCI. Participants selected for CABG were distinctly different from those selected for PCI. At baseline, patients in the CABG stratum were older and had more extensive coronary disease and more severe angina symptoms but were less likely to be taking insulin. 9 Moreover, long-term survival rates were lower in the CABG stratum, 3 which may have resulted in stratum-specific survival biases. The advantage seen with CABG remained significant after adjustment for the differences in patient characteristics, suggesting that the benefit was due, at least in part, to the CABG procedure itself, perhaps stemming from the degree of "complete revascularization" afforded with surgery. In contrast, the favorable Energy and Self-Rated Health outcomes seen with prompt revascularization did not depend on the method of revascularization, and therefore revascularization with PCI conferred measurable health status benefits relative to medical therapy.
The health status outcomes were remarkably similar for patients treated with an insulin-providing strategy and those treated with an insulin-sensitizing strategy. Past observational studies have implicated the use of insulin with worse health status among patients with diabetes mellitus, 19, 20 but it has not been clear whether insulin treatment per se was detrimental or whether insulin use was merely identifying patients who were more severely ill. Indeed, in BARI 2D, patients receiving insulin at study entry had significantly worse physical function, Energy, Health Distress, and Self-Rated Health throughout the study compared with those not entering on insulin. Complications such as severe hypoglycemia, nephropathy, and neuropathy have been associated with worse health status, and some studies indicate that glycemic control may be an important factor. 20, 21 However, like the United Kingdom Prospective Diabetes Study and several other randomized trials, [21] [22] [23] BARI 2D shows that treatment strategies that rely on insulin-provision therapy and those that avoid insulin provision lead to similar health status outcomes. At the 3-year follow-up, 61% of the BARI 2D patients in the insulin-provision group were being treated with insulin compared with 29% in the insulin-sensitization group. Thus, our data suggest that insulin treatment does not compromise health status among patients with advanced diabetes mellitus.
The BARI 2D trial was designed to compare treatment strategies in the setting of intensive coordinated care. Study patients were seen frequently during follow-up, and treatment strategies were employed to treat glycemia to a target HbA 1c Ͻ7.0%, reduce angina symptoms, treat hypertension and dyslipidemia, and actively encourage smoking cessation and weight loss when appropriate. Health status improved significantly between study entry and the first annual follow-up visit for patients regardless of randomized treatment assignment, and the marked reduction in Health Distress and improvements in Energy and Self-Rated Health were maintained throughout follow-up. The "case-management" approach, with attentive care provided by BARI 2D medical staff and the opportunity to promptly address concerns about treatment and complications, may have contributed to desirable outcomes in both the psychosocial and medical domains. Furthermore, patients with advanced diabetes mellitus and cardiac risk factors at study entry experienced less improvement in health status, which supports the concept that early detection and intervention for diabetes mellitus and cardiac disease are critical for achieving successful long-term outcomes. This study has a number of limitations. In an effort to minimize participant burden, the BARI 2D battery was designed to include only a few measures focused on assessing the health status response to medical interventions. We therefore lack a broad profile of quality of life and patient-assessed angina burden, in particular. Because the BARI 2D randomized treatments were not masked, it is possible that health status was influenced by patient expectations of treatment effect. Health status was measured at the annual follow-up visits, and therefore we have no information on short-term treatment response. Moreover, patients who died or withdrew during the first year of the trial did not contribute follow-up health status data and were excluded from the primary analyses. Our conclusions about health status apply to surviving patients; however, Ͼ90% of the randomized patients completed a follow-up health status questionnaire, and the multiple imputation analyses suggest that our results persist when accounting for death and missing data.
The BARI 2D clinical trial illustrates that intensive coordinated care of diabetes mellitus and cardiac risk factors results in clinically meaningful and statistically significant improvement in aspects of health status for patients with type 2 diabetes mellitus and stable ischemic heart disease. The addition of prompt revascularization to intensive medical therapy resulted in small statistically significant benefits in physical function and Self-Rated Health and marginally significant benefits in Energy. The effect of prompt revascularization on DASI was greater among patients selected for CABG than among those selected for PCI, whereas the benefits of prompt revascularization on Self-Rated Health and Energy were evident irrespective of the method of revascularization. Health status outcomes were similar for patients treated with a strategy focused on insulin sensitization versus insulin provision. 
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